










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































yX 1P1 → ρ(770)f2  f pi1 → ρpi  * . . . * . . * | õŁõ
© þ 	 Y [2üª	






















































































































































































f{¨ pi−pi0pi0pi0  * . . * . . . * . .  RR










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Û 1/2 XXÓ¦  '°  












































































































































































































































































































































































































































































































































































































































































































































































































































f J = 3/2





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































X· Q2   { ùd @ÓZ ¡ ]X7È²    fæyX í  Ó  ¡. ¡  ë ŁÒ]Ò]  ] ' éÓŁìŁXŁX"Ê  uŁX¦V 
å































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ø×.Ù 2 ¬ µ8 ¡ ' «  n×.Ù 2 ¬ ³ XÉ«   Í,  Ó¦ ¡ Ł
pi1(1400)
µuÊ¾Ü«ù:















¢[¬ 1360± 25 220± 90 ηpi p¯p→ ηpi0pi0
pi1(1600)
µuÊ¾Ü«Q:]f
£[¬ 1593± 8+29−47 168± 20+150−12 ρpi pi−p→ pi+pi−pi−p
µuÊ¾Ü«Q























































































































































































































Ø×.Ù 2    KK¯∗  XÓ    Ł­ ¡ ±ðØ¦'XÉÒ]§   ¡ Łçy  pi1(1400)
















































































































































































































































































pi η η′ K






pi η η′ K
































































































































ýzy ${ þ  Y[^ ý  | @ ü  þ2ü


























































































































































































































































































































































































































 p¯nÛ]Ñá  'X·S¨



















































































































 ψ ¨Ł ¡ ¾´>  °±XÔX]«  ]ÓÐ

¡


































































































































































1↔2←→ C · χ(q)  ;­    ©ªs  Ó¦Îy§çyÉ ¡ ¥ ¡ ŁX°±X>'

¡










































































































































































































































































































|1, 1〉 = |pn¯〉











































































































































   3P0 1
−(0+)
   3P1 1
−(1+)


































































































































































































































































































































































































































































  Q = −1
3










































































































































































































































































































































































































































































































































































£ £ £ £
s −1
3
£ £ £ £ −1 £ £ £
c +2
3





£ £ £ £ £ £ −1 £
t +2
3
















































































































































· p¯nÛ]Ñá  'X·ﬂÏ  ¨
P (qq¯) = (−1)L+1 .

































































































































 0−+    Ł]X ªD f ¤ eb 5EÁ d  fÎ ¡ ,· ¡  JPC = 1−− Â f E[¦ b  ·   Ł]Xd å  












• 5EÁ d 	 f    Ł]XS· ¡  JPC = 0++ «   3P0

















































































































































JPC = 0−+, 0++, 1−−, 1+−, 1++, 2−−, 2−+, 2++, . . . ,

































































































































































































































































































































































































































































































































r re eh hdu¯ = pi− du¯ = ρ−
ds¯ = K◦ ds¯ = K∗◦us¯ = K+ us¯ = K∗+
ud¯ = pi+ ud¯ = ρ+
sd¯ = K¯◦ sd¯ = K¯∗◦su¯ = K− su¯ = K∗−



























I Iz S |qq¯〉 0−+ 1−−
1 +1 0 +|ud¯〉 pi+ ρ+
1 0 0 (+|dd¯〉 − |uu¯〉)/√2 pi◦ ρ◦








































â,î ÜÎØBé§ìBÜ5ãr3ÝXë,ë/×]â,ã[évâï×Cìëâ,ï×WÛÜ5éGôõñ[ÝÒØvà.öÝÎÓDíDñØBéõéý÷îHînÜ ìBØBâévâ,ÜÎØvÜ5ãAﬁ[âî ë,Ü ìBð ìBÜÎØvÜ5ã4ÝXãCìâ,é§÷î#î#ÜQ\
ìvØâ,évâ,ÜÎØvÜIãÔ

































































































































































 S ¨ α(S)





















Ł C Ûs©   ¡ é$«_  'ŁXÔX¨ χ(q)









































































• G Ûs©   ¡ é$¨ G(M1M2) = G1 ·G2   «_XSy ñ  ¡ X>C¡
• C Ûs©   ¡ é$¨ C(M1M2) = C1 · C2   Ł«UXSy ñ  ¡ §ÉC¡
• P Ûs©   ¡ é$¨ P (M1M2) = P1 · P2 · (−1)L
É Ê
þ Ë 2yﬃþ  Ì Í þ 	 
® Î Ï
	@"Ð 2ü 






























































































































































































































































































































































































































































































































































































  2pi · mm · mrad ¡  f" ¡ ]SX   ¡ ¸ðØ· Ò      'éÉ«UèŁ


































































































































• Õ Ô ¡ ]ÏX ¡  ¡ ŁXÊ  °± ¡ èŁX  yX]§  f  ]X  yX]X ¶  ¡ i']X





• k¦'X  '] ¡   ]ÎŁèX  yX]X ë. Ł]X  fS© ¡ yX
• Ú] ¥ ]XÉ ¡   Þf÷ ' ]

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  ≈ :$Ð ¤ µs ¡Ì  ·Â ¡ ¾ðØ]«UŁ·   ¡ yX ] y§u¹­ Ý¡ lyXÁX  X ¶  ¡ ŁX    «_BÏ  X>°±XfyXd 
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] α  f¸Ñ¦' ¡   ]














e | B |
α
; p = p⊥
√


















































































































































































































































































































































































































































































































































































































































































































































































































































































































þª2Fü  {CB ü @ {· DB ü  ü











































































































































































































































































































































































































































































































































































































































































































































































































































































































• ø acbde`fCg ÕÖ · · 

































































































































































































































































































































































































































































































































• © ¥ ­,Û ¥ ]X ¡  < 100MeV
• 1− A2 < 0, 45   É î XkB¦X   ¡ VÏÌ° ¡Ô ]§¸yX ¥ ]XÉ ¡ XM¡



































































































































































































































































































• ³ X¦  ÔÓ¦ ¡   ÔX]XÉ ¡  > 13MeV
• Ó ¡  ¥ ¡ '   ¡  ë  ¡   Ôê¬áZÒ¸ÊBV {.:  ¡ fè ¡ *Í  ]yÓZ ¡   Ô   0:y  ¤ ¡
• Ó ¡ ÑZÒy ¡ '    ¸­	´0Ü6µcb¾Û Ý




































































































































¦'X±y§· pi0 ²J ¡ ;: õ¼ Ø×.Ù 2  ¡ ²yV yµ8 ¡{õ¤ R

Ø×.Ù 2 ¡ XB·  è²J ¡ ŁX  XX¾µ8§'  '¦  ]Î ¡ ]ÖÓZ ¡ ] ¥ ]÷Ł  ]]s°±Xi']*  ''¸y§

















































































































































































































• ­¾X§  '*Ú ¡ B ¡ X ¡ è ¡ ]XByXX  XSy ¡ Ü  ŁXd 
• ­¾X§Ï§'¼ÑZÒ  Ò  ]Ó¦ ¡ S ¡ ]XByX,ÔÌ'Ï§'XSyÉ ¡ Ü  X   ¢  ¢Ł¢  ¢ :¡Ì 








































































































































































































































































































































































































































































































































































































































































n×ÖÙ 2 ¡ §¦ì·  ô ¡ yÓ¦Ô ¡ ] ¥ yX²  ]]u ¡ yX ³ X«  










































































































































































































































































































































































































η → γγ ÚÜ5â4ðáÏ æj^ Ü ½ ÞÒï 2 Ü5ãDìB×ÝXëzìBÜ5ã[ﬁcßYÜÎØBÛÜ5ã}évâï×DìvÚÝÒØ5Ô/ï!ﬀ å Ôl`K÷\
ê`íÒì×]Ü5é§Üì

































































































































































































































































































































































































































































































































































































































































 p¯d→ pi−pi0pi0pi0 pspec. R] :cR ¤
Ý








































































































































































































²M¡yX pi0pi0 ¡ ¦ú   X¦§É' ¡   ]] {­  η ²J ¡     õŁõŁ£






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































cos θ  ¤   ¢ ¡
­¾XL®
¡































































































































  (m212)min = (m1 + m2)
















































































































































































































































































































































































































































































































































































pi0 ÉV¦  Ł²JX  ' ¡ ]Ó  ¦'X ¡ È²]²d  ¤  R Ï   ¡ · ·*Ó  ]·    V°±]6   ¡ ]
µ

fyX· f2(1270) → pi0pi0 Ï  's]Xd     'yX ¥ ¡   '] ¡ É    ¡ s    Ó¦ ¡ Ð
 ðn'X«_XX]Ïly













































































































































































































































































































































































































































































































































































































































































m212 = (E1 + E2)
2 − p212
m234 = (E − E1 − E2)2 − p212
m2134 = E
2 − 2EE2 +m22
m2124 = E




















































m234 − (m3 +m4)2 ≥ 0
m234 − (E −m12)2 ≤ 0
m212 − (m1 +m2)2 ≥ 0  r¤   õ ¡


























































































































­¾X pi−3pi0 Ûs­  'X  'Ïì° ¡  ¡ "È²]²d  ¤  QŁXÏX ¡ ŁV 8Ú ¡ X ¡Ô  ¡  ¡ ¦   ¡_ ¦' ' SyX


























 3 − m 4
E − m











































Ø×.Ù 2 ¡   «dy§ ³ X«    · Z ] y  p¯nÛyÑ¦á  'X· 
¡




















































































































































































































































































































































































































































¯'³ﬃ¢Î8 %ç% ÅÓ Ò­¹¦D=¬¡¢ ½ª¢¸Ó«/¡¢ç¦DlÏ=´°­-K¡V¡ = µ¶Ý=V%Æ¼Ú!¦D¥¡¢I¦D§K³V§Æ§<¹¦ﬁ¹¦D§K¤












































Ã¼Ò­§%Ñ¿s8¦ﬁÎ8«å²?àÒ­§%íºÈ¦ﬁ-Õ¦ﬁ ÃÏÊÁﬂﬃﬀ%Ï=Ã0 @< :ﬃ"
«°ßÏì]Æ¡
p¯d→ pi−pi0pi0pi0 pspec. ﬃﬀ­Á%Ï	ﬃ:ﬂﬀ ­Á ﬃ:
£A
>
ﬂB Ã#Ï	ﬃ/Ë Ã0@ ÃC
pspec. < 100
ïÑ)ãED Î ﬂﬀ@°Ï	ﬀ­Á/Ë Ë Á
Ð)/® Ï¹ï¦D¢È®



















































































































¢Î8 ==K¡¡ç=¦ﬁ8¦D ¯± ¥«==ß²V=¦ﬁÔ%_«­äÅ=¦D¡¥¢Î8 =ﬃ¬¡Ò­±=CÆ Æ¬®­¦ﬁ¥¶¦D¬¡¢
γγ
´°¸Ó«¬¡±=¹ÏÃ Î0,ä%-ïÑ­¬¡¢¨%£¦D§Æ±=%rÒ­-=î©È¦Ì¡¢3=Ï=íÎ#,ÖÒ§ÆÎ8  Ò­­ÔÆ¥¡;Ï








p¯n → pi−pi0pi0 ω(→ pi0γ) (P%ÏÆÃ+,








p¯n → pi−pi0pi0pi0 pi0 (\ÏèÁﬁ,
p¯n → pi−pi0pi0pi0 η(→ γγ) . (\Ï9,
»
±=Ô­¥¡Y±=/³Y¦ﬁ =¥8Î¢ =Æ=§Î8 ¦DÅÓY-â­Ò§ÆÎ8 ÑÆ¥¡;²=¦ﬁÔ-%ﬃê¦D¹¦D§
p¯p→ ω(→ pi+pi−pi0)pi0pi0 (\Ï=ﬂ,
Æá





















p¯d→ ωpi−pi0p ½\  ¹¦Ì¡sÆã¯'³VÆÒ­±==Ò¥®/< ¹ÜD§Æ¡=
®/­








(3, 3 ± 0, 2)% %È§<«¬¡¢Æ¥¡×ê¦D¹¦ﬁ§Æ
(lÏÓ½gÅ=¢Î8 ==K¡¡%%ÏÃ­²iºp§Ï.%Ï=ﬁ,Y-K¡¼%ã¥¯'³VÒ­±==Ò­® ¹ÜD§K¡¢=Æ
(0, 17 ± 0, 02)% Î8 ==<¡
Î8 __½g¬¡§å%Yﬃ/¡¢Ò­±%%«­¦D¹¦D§d®/­




(6, 2±1, 2) ·10−5 Ï¬©È¦D
ÆÅÓ¹Ã`ﬂ=ÏÃ­Ã`ªÒ­±%¡¢ä»c¥Ò­=Æ¢<
8, 9±1, 7 »c<Ò­=Æ¢+%]ê¦D¹¦ﬁ§Æ p¯n→ pi−pi0ω(→ pi0γ)
±=ë¦D-K¡Y®/¥¹¦ﬁÎ8 =§IÜﬁÒ­Å¹¦D³V=ÆÒÏ
%ÏèË%ÏÑ©ªÖﬃ¬¡Ò­±=%ÅÓ<¡8¦ﬁÎ8 ¬¡±==Ò Ã
ê¦D¹¦ﬁ§ Ò­=¥a¡¢ »cÆÒ­iÏ=¹¦­Î¢  »c¥Ò­iÏ=¹¦ﬁÎ8 
»c¥ÆÒ=Æ ´°§Æ«¬¡¢Æ­ «¬iÏ=ì]Æ¡
p¯n→ pi−pi0pi0ω(→ pi0γ) Ã#"%Ï	"ﬃ"Ë Áﬂ:ﬂﬂ 
p¯n→ pi−pi0ω(→ pi0γ) Ã#"%Ï	"ﬃ"%Ã "­Áﬃ: Ë$
p¯n→ pi−pi0pi0pi0pi0 %Ï	Ë< @<:=Ã ﬀ
p¯n→ pi−pi0pi0η(→ γγ) Ë$ﬀ=Ï9ﬀﬂﬀﬃﬀ ¬Ë$ﬀﬃ" Ã#ﬀ
p¯p→ ω(→ pi+pi−pi0)pi0pi0 Ã#"%Ï	"ﬁ@<ﬀ ÃC:$Ã ﬀ





p¯n → pi−pi0pi0ω(→ pi0γ) Æ¥¡g±=°ÅÓ«ﬁ¦ﬁ=/¡;Ï ©p¦Ì·
Ò<Ò ¥¡ë¦D
BR(p¯p → ωpi0pi0pi0) = (1, 24 ± 0, 63) · 10−2 Æ)iÆ¡8¦Ì¡¢±=}À¨ﬁ:DÄÈ¯±
¾
% ±=_àÆ¡%>ºÓµ¦D§Æ§a³Y¦ﬁ =¥¢Î8 =Æ=§ÆIÎ8 %«K¡ﬃ%
ω → pi0γ = (8, 7± 0, 4)%  ¹ÜD§K¡v¦D






p¯n → pi−pi0pi0ω(→ pi0γ) = (0, 22 ± 0, 12)% ¦DÅ=8Î¢ ¹ÜD¡¯iÏs´°<¡¢¯í³ªÆ
%Æ>º ¦ﬁ =§¬=sã ¹ÜD§K¡¢=Æ2¯±
(7, 6±0, 4)% ²Ì¢ªÅÓ«­-à³ªÆ]Æ=ä½g¬¡¢Æ§°%cY¬¡¢¥Ò¥±=·
%V¦Dv±==,ê¦D¹¦ﬁ§®/­_Îl¦Ï¬ÁB_Ï©ª+½g¬¡§Ó%é»c¥Ò­=Æ¢²¬%Æpp´°§<«¬¡¢Æv±=v%
«°Æ=v¦Ì¡¢Æ¢Î8 =ì]Æ¡pÝ=ÅÓ§ÆÅ%¡È ¹¦ﬁÅÓíÆ¥¡%ﬀ%²	ﬀ­ÁB_Ïß©p¦D-Æ¡pÆ¡È%gÒ8¦Dä¡¢rﬃ¬¡¢¥Ò¥±=¦D¬¡¢Æ§
9, 0 · 10−6 ²³Y¦DªÎl¦Ï=Æ= »c¥ÆÒ=ÆﬃÆÑ%ØÃ`ﬂ=ÏÃ­ÃCÕ©È¦Ì¡¢%¦D-¸=§Æ<¬¡¢¸=Î8 ¬¡lÏ
©ªç%¥Æ¡¥¡¢ê¦D¹¦D§¼¦D#% 
ω
ÅÓ'¡¢Æ§ÆÒﬁ¡ëÆ¥¡;²d ¹¦D¡ Æ ã¯'³VÆÒ±==Ò­¥®/¥ ¹Üﬁ§K¡¢=Æ ®









4 · 10−5 ²¦ﬁ§Ær³V=ÆÒª¦D§Æ|Õ»!ÆÒ­=Æ ©p¦Ì¡¢=8¦D-¸=§ÆÏ
ì]Ý=à%< ê¦ﬁ¦ﬁ§
p¯n → pi−pi0pi0η(→ γγ) a³Y¦ﬁa¡¢<¡rÕ¦ﬁxx«°§Æ=<rã¯³ÆÒ­±==Ò¥®a·
 ¹ÜD§Æ¡=l²i³<§IÎ¢ =à¦D§§Æ%=Ò­r%IÎ8 /¡?ÅÓ«ﬁ¦ﬁ=/¡rÆ¥¡;Ï]ì]Ý= =a¡?v¦Dx­Å=ÆÒ6ﬃÅÓ§ÆÒ­±==Ò­µ¶Ý=?¦D
ã¯'³VÆÒ±==Ò­¥®/¥ ¹Üﬁ§K¡¢%ä%äê¦D¹¦D§
p¯p → pi0pi0pi0η = (2, 42 ± 0, 16) · 10−4 À¨ﬁ:DÄd%±=¢Î¢ i²
±=çÅÓl%=«/¡;²¦DÔÕ%ÆFºÓµ¦D§Æ§a³Y¦ﬁ =¥¢Î8 =Æ=§Î8 =«­K¡p
η → γγ = (39, 43± 0, 26)% ¥¡;²%
 ¹ÜD§K¡?v¦D Æ=çY¬¡¢¥Ò¥±=°³Y¦ﬁ =¥8Î¢ =Æ=§Î8 =«­Æ¡ä®/­
1, 5 · 10−6 ²i³Y¦ﬁ³V=ÆÒr¦D§Æ?Æ=
»c¥Ò­=ÆﬃÆÑ%©p¦Ì¡¢ë¬¡¢¸=¥Î8 ¬¡;Ï
½g§Æ-§<¡¯<¡¢-ÅÓ<¡¢¢¦­Î¢ ¬¡¢³ﬃ-%@ê¦D¹¦ﬁ§
p¯d → pi−pi0pi0pi0pi0 p ²%à¢Î8 =­C¢ ¦ﬁ§ÆÅ@±=·
³Y¦ﬁ =¥8Î¢ =Æ=§Î8 ç¥¡l²¬³Æ§ß%éã§Æ±=¥¡Ò­§Î8 ç¯'³VÆﬃÚ! =­¡=ëÜﬁ±=Ô­¥¡§K¡¢çÆ¥¡;Ï=©p¦ﬁéãa·
¯'³VÒ­±==Ò­¥®/ Üﬁ§K¡¢=Æà%Ærê¦ﬁ¹¦D§ÆrÅÓ'¡¢8ÜDÒﬁ¡
(1, 32 ± 0, 2)% À	ﬃﬀDÄé±= Æ¥¡r¦D-Æ¡?¯±ﬁﬀﬁB
Æ ©È¦Ì¡¢=«ﬁ¦D¹¦ﬁ§]¬¡ ¹¦ﬁ§K¡¢<iÏß¾ﬃ< =-Ñ³ªÆÈ¦Di²Óª³YÜDä¡8¦D¡¥¡¼¾ﬃ±=§Æ§2%°Î8 íÆ»c<Ò­=ÆÈ%±=¢Î8 
%ÆÖ´°§Æ«¬¡­çÒ<«à-i²r ¹ÜÌ¡¡_³ﬃV<=-x¦ﬁ %¢Î8 =Æ=§ÆIÎ¢ =«K¡®/­








ê¦D¹¦ﬁ§ ã¯'³VÆÒ±=%Òa· ½g¬¡§ß¹¦ﬁÎ8  ½g¬¡¢<§ ½g¬¡¢Æ§
®/¥ ¹Üﬁ§K¡= ´°§Æ«¬¡­ Ò<¦Dä¡ Àè»!ÆÒ­iÏÂÄ
p¯n→ pi−pi0pi0ω(→ pi0γ) ﬀ%² Ë­ËﬂB ﬀ=²9ﬀÁﬁB 9 · 10−6 Ã
p¯d→ pi−pi0ω(→ pi0γ) p Ã­²	"$B ﬀ=²ÆÃ;ËﬂB 6, 2 · 10−5 "
p¯d→ pi−pi0pi0pi0pi0 p Ã­²èÁËﬁB < 1, 5 · 10−4 < 6 · 10−5 < 9
p¯n→ pi−pi0pi0η(→ γγ) 1, 9 · 10−4 5 · 10−4 1, 5 · 10−5 < 1
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−3pi0 → pi−6γ) = 7, 2% . (P%ÏÃ0,










(16, 4 ± 0, 5)% ÅÓ¥¡¢Æ-Ö¡³ª±=%Ï]©p¦Ñ%v¿sÆÒÒ­TåÕ¯Æ=¯v°±=Ö±==Ò­¹¦D± Åå<«­¦D=¬¡ä¥¡l²
=­-Æ¥¡vv¦DCl³V =§ª%ÆíïÑ­¬¡¢¨%£¦D§Æx¦ﬁ§Æ ¦ﬁ±Î¢  %ÑÒà¢% ©È¦Ì¡¢ ¦ﬁ±=µrÃ¨¬¸=­=Ò
»c¥Ò­=Æ¢²Ó¦D§Æ¢v»cÆÒ­=Ö%¹¦ﬁÎ8 ÑÆ=ﬃ§¶¦D=Ò­áÒ­§%=í´°¸=±=ﬃ§Æ«¬¡¢Æ¥¡Y³ﬃ±=¢%iÏ[ºå±·
8ÜD¡¯§Î8 á³ªÆ¢=Î¢ ÅÓ¥ÝÎ8«°Î8 ¬¡¢ÆÒﬁ¡;² ¦ﬁÔ_ÅÓ!%¼»c¥¯±=Ò­±==Òç%¼ïÑ¬¡¨=£V¦D§ÆÑ©p¦Ì¡¢%Æ























N çè	é ]êPëì = 2.782.467
%K®%a¡;Ï©p¦D-K¡
¥ ¹Üﬁ§K¡ﬃv¦Dá¦D§YÒ8¦Dä¡¢<ë½g±=¢%±Î8«vµNÝ=ﬃ¦Dª¦ﬁÅ=­§±¡¢¼ã¥¯'³<Ò­±==Ò­® ¹ÜD§K¡¢=Æ





·BR(p¯n→ Ã¨¬¸=­=Ò ) . (P%ÏèÁﬁ,
©ªÕ«­?Å=Æ¹¦Ì¡¢­Æ¢Î8 =íﬃ¬¡Ò­±=³ﬃî=IÎ¢ ¬¡ ¦ﬁÅ=Ò­¯­Òß²d¦}ÕÆ %< ïÑ­¬¡¢¨%£¦D§ÆÌ¨
©p¦D¡ÇÅÓ=µ¦ﬁ§Æ§Æä¬¡ ¹¦ﬁ§K¡¢×¥¡;Ïs¾g¦ﬁÎ8  »cÆ=¢'¡¢¯Ç­Å=ÆÒp- a¡¢- ¹ÜD§Æ¡Öv¦Dx¦D§Æ?¦ﬁÅ=­§Æ±%¡¢
ã¯'³VÆÒ­±==Ò¥®/< ¹ÜD§Æ¡=g¦D ¾ﬃ±¡¢­








sp = 0, 571±0, 005 ±=Õ¦ﬁ,¾Y±%¡¢¥ sn = 0, 429±0, 005 Ò­ÅÓÕ ¹¦Ì¡;²¥ ¹Üﬁ§K¡
v¦DëµNÝ%ﬃ¦ﬁã¯'³VÆÒ­±==Ò¥®/< ¹ÜD§Æ¡=g¦D ©ª±%¡¢¥
BR(p¯d→ pi−pi0pi0pi0 p 
 ) = (7, 6± 0, 4) · 10−2 · sn = (3, 3± 0, 2)%. (P%Ï=ﬂ,
Ü





























































Æ ¥¡¦DÅ=§ÆÈ¿u§Î8 =<i²%%ÆÈ¦D= Æ »c=%¯±=¥¡¦D %<¡¢«·
¡¢Æ¥¡é³<¢%iÏ=©gÆ-¦D =¢Î8 =Æ=§ÆIÎ¢ =«K¡¢ëÆçÅÓ<I%È=IÎ¢ ¬¡YÅÓ«ﬁ¦D=¬¡;Ï»!-K¡¡§Æç§¶ÜDÔﬁ¡Y¢Î8 
¦ﬁ§Æ§Æ¢%Æ=Ò­ª¦ﬁª¦DÅ=¢­§Æ±%¡¢Öd8¦DÎ8 =Æ=Òvæﬃ¦D¡¢Æ?G









































(p¯n)S ·XS(R) · Y (R)
BR(p¯n→ »c%«ﬁ¦D¹¦ﬁ§ ) .
(P%Ï	:ﬁ,
½g§Æ¢àÆ¡














































































































(p¯n)S = 0, 60 · 3/4 ±=
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³VÆ¡¥×ãd¦ﬁI¦DÅ=§ÆC±=C%Æáµ¶Æ;- ÜD =§ÆÅ¹¦ﬁ¥«K¡ %ûg¥/¡¢Æ±==Ò %_êª¬%Æ¹¦D¡=¥¤¬·
¥¡¢-p%¥sãé¦DI¦DÅ=§<i²å°¦ﬁÔ_§Æ<¡¢¯<¡§Î8 íµ¶Ý==µ±=¹¦DÅ= ¹ÜD=Ò­Ò­?ãd¦DI¦ﬁÅ=§ÆíÝ%Å=ÆÒ_Å=§ÆÅÓiÏß©ªÆ

















































1 . . . i . . . I
½g=µ¦D=Ò­¯±=¥¡¦DÊ(Wþßoþﬁﬀ]þﬂﬃíﬃ ﬀ!"ﬀ! +,
1 . . . j . . . J(i)
ºÓµ¦ﬁ§Æ§Æ¦D-¸=§ÆK¡¢±%
1 . . . n . . . N
©p¦D¡á»cÆÒ­=


































































































































































































p¯n → pi−1 + pi0(1)
(\@ÏÆÃÃ0,
|−→ ρ− + pi0(2)
(\@ÏÆÃ;Ëﬂ,














































































p¯n → pi−1 + pi0(1)
|−→ ρ− + pi0(2,3)
|−→ pi− + pi0(3,2)
p¯n → pi−1 + pi0(2)
|−→ ρ− + pi0(1,3)
|−→ pi− + pi0(3,1)
p¯n → pi−1 + pi0(3)
|−→ ρ− + pi0(1,2)













































}ñ!8 óôöõ 9ÑôøéõÞôy¸FÝ¥ÝÄ : ßçýëøYûéô\Ýíý
©ªÂuÆ«<§Æ =¬%µN±=%«¬¡¢Æ¥¡Ñ%
¾












©ª5iÆ«§ÆÆ =°°%-<¡¢ =°%_=Æ-ä¡r¦Di²]¦DÔ L =¦ﬁ=¦D Ò­â­Ô­¡ Æ¡l²ß³= ~pi %Ö¸= ¬¤M·
«ﬁ¦ﬁ§ÆÆ8Î¢ =áºpÒ­ÅÓ= =K¡Y¬¡¸=Î8 ¬¡lÏ=ï¦D ®±Î8 ¬¡VIÎ¢ ç%V¸= ¬¤Æ«­¦D§Æ¢Î8 %Ñæ;¦ﬁ§ÆK¡ÜÌ¡Y%±=¢Î8 
ï¦+ï-Æ¥ %7iÆ«§Æ %°°%µN±==«¬¡­ ¯±Ç¹ÜD =¥iÏ8ºå±=ä»c¥ =â­ °±==Òá%äælÎ8 ==Ò­¹¦D±=Ò­«<Æ¡































































































































































































































































































1)(2s2 + 1)]× (2J + 1) ¦D¥¡§§ÆG






























































































Æ=áê¦D¢«ﬁ¦ﬁ%ÑÝ=ÅÓÕ% ºå¥µ¦D§§® º¹³ﬃÆ8Î¢ ==­¹¦D=¯@®/­lÏcÐ)îÆ= ãp<e¨°êªâ¥¸Óe¨











f0 → pipi, ηη,KK¯ ,Ï[&ﬃ<ª?±%ÔÕv¦ﬁÑ¯±= F ¨/ã«¬¡8¦D=8¦Ì¡¢¯ÖÝ=ÅÓÒ­ =ßÏ ©ª
µN­§Ò­%áﬃ¬¡¢¥«ﬁ¦ﬁ¸=K¡¢§ßÒÅÓëÆ= 6ﬃÅÓ¥Å=§Î8«_Ý=ÅÓﬃ%Æ¼ÅÓÑÒ­¹¦D=¬¡¢<áì­Õ¦ﬁ§ÆÆ¢àiÏ







































































T1 + T2 + T3
,TG





































(z − 3)2 + 9z
F3(q) =
√√√√ 277z3





































































|i〉 = |ab, λaλbJM〉




































K−1 = T−1 + iI
-K¡ª%<ª¦ﬁ±Î¢ á%Æä´¨ïí¦Ì¡¢¥ïÑ¦D±=ÒlÝÎ8«¬¡³V%ë«­¦D=G














T = {ρ} 12 Tˆ{ρ} 12
































1− ρ1ρ2Dˆ − i(ρ1Kˆ11 + ρ2Kˆ22)
(
Kˆ11 − iρ2Dˆ Kˆ12





























































































































































































































































































855± 10 774± 40 ﬀ 0.14± 0.01 ·
Ë
1268± 40 1311± 200 72± 25 0.15± 0.02 6.2± 0.2
Á
1493± 20 14± 3 116± 20 1.07± 0.20 0.4± 0.2






ñ1« óôöõ ³ÕõÈþcüJI ûsõ ¬ µvõw²ﬁ³_üçýF³ÕþcüJI ú)ÞôûVß  õ
©ªéÆ @°Ï Ë$:gµNÝ=!>ºå¥µ¦D§§Æ«<¡¥¡¢%2½ª¥¡



































































































































































ØV/ 0Õ ØßﬁØ 













































































ﬀ ﬀ Ã 1S0 1
−(0−)
ﬀ Ã Ã 3S1 1
+(1−)
Ã ﬀ Ã 1P1 1
+(1+)
Ã Ã Ã 3P0 1
−(0+)
Ã Ã Ã 3P1 1
−(1+)




















p¯n→ (pi−pi0)l1 + (pi0pi0)l2
Ë%Ï
p¯n→ ((pi−pi0)l2pi0)l1 + pi0
Á=Ï
p¯n→ ((pi0pi0)l2pi−)l1 + pi0
Ï

































IG(JP )[(pi−pi0)(l1=0)] = 1
+(0+)
@?Ý%Ô­¡²!³Y¦D_¦ﬁÅÓÕ«­Æ= -­=¢Î¢ =










G = (−1)L+S+I ,'Ï+©ªÆvÆ¥¡

















% ÐÍ¸=Æ |I, Iz〉 = |1,−1〉 ±=Ç¦D pi0 % ÐÍ­¢¸=Æ |I, Iz〉 = |1, 0〉  ¹¦Ì¡;²i±=Ç%Æ























«­¸=¸Ó<§}¯±=ŁÐÍ­¢¸=Æ |I, Iz〉 = |0, 0〉 ²ß¦_µNÝ=
%ÆYêª­?Å=Æ¹¦Ì¡¢Æ |1, 0〉 %+£é§ÆÅ=¢Î8 °¨%ºp­¢¦D-êª°`å-¯Æ¬¡Ò­§ÆIÎ¢ Õ¾ﬃ±=§Æ§%¥¡;Ï­»c]³ﬃÜDV¯'³Y¦ﬁc%Æ



































IG(JP ) = 1+(1−)
ÏåY%Æ?Ú!¦DK¡ÜÌ¡
P = PM1PM2(−1)L =




































ïáÍãED Î 2 %±%¡§Î8 
Ý=ÅÓà%r%
p¯n




Γ = 149, 2
ïÑ)ã%DﬁÎ 2 ±=î¦ﬁ f2(1270)
Æ=
d¥Æ¡®/­
Γ = 185, 1







p¯n→ ρ(770)−(→ pi−pi0) +
(pipi)S(→ pi0pi0) ®/­Ò­µNÝ= %¥¡;Ï
|1,−1〉 → |1,−1〉|0, 0〉
→ 1√
2






ï¦DÅål¦­Î8 /¡¢²Y¦DÔîÅÓÆ ¿sÆ§Î8 =¹¦D±=¥¡¦D±=8Î¢  % ºå¥µ¦D§§Æ











|p¯n〉 → |ρ−, (pipi)S〉
:=ÏÆÃÏç½g±=a³ﬃ¦D =§ÆÒ­§ÆÑ±=ÄºÓµ¦D§Æ§«'¡¡¢Ñ%ﬃê¦ﬁ¹¦D§Æ
p¯n→ pi−pi0pi0pi0 @$





















































































P = (−1)L ²°³V­-K¡ L = 0 Æ¥¡;²







p¯n→ ((pi0pi0)l2pi−/0)l1 + pi0/−










































































¼ ρ(770)− Ü (pipi)S








ß Û ß ß ÛÞäã
(pi0pi0)l2
Û
Ë ρ(770)− Ü f2(1270)




Û Û Ý ÝÞàß Û
ß
¼ a1(1260)
− → ρ− + pi0 Û Ý Û ÝÞàß Û
ßá
pi(1300)− → ρ− + pi0 Ý Û Û Û Ò
ßâ
pi(1800)− → ρ− + pi0 Ý Û Û Û Ò
ß
Ë a2(1320)





− → ρ− + pi0 Û Û Û Û Ý*Þàß
ß
» a2(1620)




− → ρ− + pi0 Û Ý Û ÝÞàß Û
ßå
a1(1640)




− → ρ(1450)− + pi0 Û Ý Û ÝÞàß Û
ß%æ
a1(1800)
− → ρ− + pi0 Û Ý Û ÝÞàß Û
ß
Ù a1(1800)
− → ρ− + pi0 Û ß Û ÝÞàß Û
ß
Î a1(1800)
− → ρ(1450)− + pi0 Û Ý Û ÝÞàß Û
ß
Æ pi2(1670)
− → ρ− + pi0 ß Û Û Û ß
ã
¼ a1(1260) → (pipi)S + pi Û Û Ý ÝÞàß Û
ã²á




pi(1800) → (pipi)S,D + pi Ý Ý Ý Û Ò
ã




a1(1640) → f2(1270) + pi Û Û ß ÝÞàß Û
ã
» a1(1800) → (pipi)S + pi Û Û Ý ÝÞàß Û
pi0/−
ã
½ a1(1800) → f2(1270) + pi Û Û ß ÝÞàß Û
ã²å
pi2(1670) → f2(1270) + pi ß Ý ß Û ß
ã
É pi2(1670) → (pipi)S + pi ß ß Ý Û ß
ã1æ

























ïÑÍãEDﬁÎ 2 Æ=Ñ¢­§Î8 = ºå±=¥¡¦DçÒÆÅ%¡äÀÊÁDÄÍÏÓ´°r³Y¦DYﬃ¹¦D =§ÆÆÒ=Ñ¯±Ñ±=/¡¢±Î¢ =i²=ÅÑ%Æ'·
*ºå±=¥¡¦Dä¦D±Î8 ÖÆ='ºÓµ¦D§Æ§-°%±=]Æ
ρpi




























































³ﬃ±=¢%_-K¡¥¡¢§K¡;²¬=% ¢Æg_µN<¡Ò§ÆÒﬁ¡¢ë´Î8 =K¡¡v®/­ <= ±%¬¡¢¥ ¯<± <= ­ÅÓ'·



































































































ïÑ)ã%DﬁÎ 2] Γ˜pi0pi0 |βα| ¦DÒ (βα)[ 8¦ﬁ ]
Ã
842± 1.28 627± 4 0.137± 0.002 ·
Ë
1500.00± 0.05 1500.70± 6.64 0.188± 0.002 5.86± 0.02
Á
1493 14 1.07 0.4

















ïáÍãED Î 2 ±%@Æ= +K¡¢ Γ = 185
ïÑ)ã%DﬁÎ 2 Æ
















ï¦D¢Ñ =<ÕÅÓÖÃÁﬂﬀﬃﬀ ïÑÍãEDﬁÎ 2 Æ ¬¡´(¥ÀÆÃCﬀﬃ=²ﬃÃCﬀﬂﬀ%²ﬃÃCﬀ%Ã<ÄÍ²c<¡¢Î­Ï,r±%îÆ=ºp¥±=¸=¸Óë®/­ »*ï°·











Æ=-d¥K¡¢?®/­Á=ÃCﬀçïáÍãED Î 2 ®/<a³V%<¡g³ª±=%Ïß©È¦D7ûg¸%¡ä±= %ï¦D¢°¨%´Îl¦D=¼§ÆÆÒﬁ¡
ÅÓ

















































Ç%ÕÒà¢=<ïí¦D ±=x+K¡¢ %®/¢Î8 =Æl%% »8ï%¸ÓÆ-/¡¢v =Ö±=¬¡a·
¢Î8 =Æl%§ÆIÎ¢ iÏ%ã+­ﬃ¦D§§Æ.%ÆÖ+K¡¢¼Æ¥¡ﬃ =±==Î8 =±=çÆ.Ú+©Èº ÀzﬂDÄuàÆ¡Y<=Vãé¦DI¦Ì¡¢Æ

















%Łï¦ﬁ=¢Îl¦D³ª±=%rÆ=-d¥Æ¡?®/­´ﬁÁçïÑ)ãED Î 2 ¦D=Ò<=-à±=íÅÓ!%Łd¥M·
¡¢=¢Îl¦D=rï¦D¢Ö®/­xÃlË­Áﬃﬀ ïÑÍãEDﬁÎ 2 Ïå©gÈï¦D=¢Îl¦ﬁ¸¡¢Æ-<¥¡pÅÓ]Æ=Èï¦D¢Ö®/­
ÃÃC:ﬃﬀëïÑ)ã%DﬁÎ 2 ² àÆ¡ÈÆ=
»
%¥±==Òë%%iÆ«§Æ =¬
∆ lnL = 477 ±=%<d¥Æ¡=¢Îl¦D
ÅÓ
Γ = 380


















ïÑÍãED Î 2 ±= Γ = 107









































ﬃ¬¡¢Î8 =Æl%v¯³ªÆ¢Î8 =x%Æ ½gÅÓK¡¢ Ò­ÆÅ%¡?<?Æ % Ú!°%±=«¬¡¢Æ­=-lÎ8 ¹¦D=Æ¢ä±=l²]%
Æ ìÓ¦D§Æ§% £éa¤¥¡¦D§M¨V¦D¥§p©p¦Ì¡¢ %Æ½ª== %§I¦Ì¡¢Æ








































































































-K¡r%x-Æ¡r%< ïÑ%§Æ§éÒµ¦ﬁ§K¡¢'¡¢ ïá­¬¡ë£¦D§Æ}©p¦D¡iÏ!©p¦D¯± ³V¢%<%v®Æä¬®­¦;·
I¦D¬¡¢ ï¦D¢%¢¸Ó«/¡¢<Ç±=Ç¦D±Î8 Ç%?ºg§% ¹¦DÅÓe¨í±=ÇÚc±%°¦ﬁ§ÆK¡¢¯¸=§Æﬁ¡ä-Æ¡Æ¹¦ﬁ%<
®/<Ò§ÆÎ8 =iÏ%´Î¢ =§ÆÔ­§ÆIÎ¢  ­§§K¡¢ªÆv¸Óµ¶«¬¡¢VïÑ%§Æ§Ó«Æ= ﬃ¬¡¢Î8 =ÆlÕ¯'³ﬃ¢Î8 % %<ç©p¦Ì·
¡¢<}±%}%Łì]K¡¼¯ÆÒ<iÏiÐÍ×¦ﬁ§Æ§ÆãÒ­§ÆIÎ¢ =×%ÈÆ¬®­¦ﬁ¥I¦ﬁ¬¡Çï¦D¢¯'³ﬃ¢Î8 =×©È¦Ì¡¢<
±=Cì]Æ¡l²c³V¢% %Æ©p¦Ì¡¢ ¦D§vﬁ¡¢á±=C%_ì]K¡ç¦ﬁ§Æ_Å=§I¦D±=íêÈ±=a®/ ¦DÒ­¥¡¢§Æ§Æ¡lÏV»!%
©p¦ﬁ¥¥¡¢§Æ§±=%Ò?-K¡Vì< =§¥Å¹¦ﬁ§Æ«< v¦ﬁÎ8 ¬¡³=ÆÒà´°Æ=i²¦Ö%ÆÈ¦D±=µNÒ­±=_%<d = =ç´¬¡¦Ì¡¢Æ¡«
¯± «°§ÆÆ ¢Æß²±% ®/¥°Ý==µ¶¡Òr¦DÒ­¡§Æ§Æ¡é³V¢%< ¯± «â­==iÏ=©ªÆÖ´°¸Ó<«¬¡¢< µNÝ=¦DYïÑ=M·




ï¦D¢%¢¸Ó«/¡¢±= ¯Òﬁ¡;²¬¦ﬁÔÖÆ  ì]K¡¢-°%§Æ§ÓÅÓåÎl¦ÏÓÃ#ﬃﬀﬃﬀäïáÍãED Î 2
=°Î8  %Ò­-µN =§K¡;Ïc©ªîÒ­§ÆÎ8 =C»!%¥±Î8« Ò­'³ﬃ=/¡-v¦ﬁi²s³V= v¦Dî%Cºp­§% ¹¦ﬁÅÓ<e¨
±=ë%á©p¦ﬁ§ÆK¡¢¯¸=§Æ­¡ª%ﬃ©È¦Ì¡¢ë±=ë%ﬃì]Æ¡ﬃ-K¡¢<¹¦D%®/¥Ò§ÆÎ8 ¬¡l²=¢Æ =¼½gÅ=ÅiÏ?:=Ï	%Ï
:=ÏèË%ÏÑ©ªÖ»c¥ÒÅ=%Ö%ﬃÚ!¦D¥¡¶¦D§K³V§Æ§Æ¹¦ﬁ¦ﬁ§K¤ :ﬂ






















































14, 2± 1, 6 ﬀ¥(µ¶¥¡T,
ρ(770)− + f2(1270)
ﬀ Ã
18, 8± 2, 1 301± 1
ρ(1280)− + (pi0pi0)S
ﬀ Ã








|−→ρ(770)−pi0 Ë Ã 5, 9± 0, 9 342± 1
pi(1300)− + pi0
Ã ﬀ


























































8ÜD¡¯§ÆIÎ¢ _³V¢% =°Î8 }ÃCﬀÖ³VÆ¡p½g-¸=§ÆK¡¢±% Æ=Ò­µNÝ= =a¡;²¬³­-K¡IÎ¢ ë%<i«­§Æ =¬ ±=



































































































18, 2± 0, 3 ﬀ¥(µN¥¡T,
ρ(770)− + (pi0pi0)S
Ë Ã
1, 5± 0, 1 16± 2
ρ(770)− + f2(1270)
ﬀ Ã
21, 9± 0, 3 315± 1
ρ(1280)− + (pi0pi0)S
ﬀ Ã
18, 3± 0, 4 353± 1
ρ(1280)− + (pi0pi0)S
Ë Ã
1, 5± 0, 1 232± 1
a1(1260) + pi
ﬀ Ã
|−→ρ(770)−pi0 ﬀ Ã 5, 7± 0, 1 152± 1








|−→ρ(770)−pi0 Ë Ã 0, 0± 0, 0 ·
pi(1300 + pi)
Ã ﬀ
|−→ρ(770)−pi0 Ã Ã 2, 9± 0, 1 178± 1




|−→f2(1270)pi0/− ﬀ Ë 0, 5± 0, 04 135± 3





6, 9± 0, 3 269± 3
ρ(770)− + f2(1270)
Ã Ã













































L@lL NPO^QSmnOﬂ_aoZprqrTZsr_t] T zfvO^zrj5zr_a]¶QbT Q]VW*QbT sr_fv$# QÖ|teVWO^ñaqtQbT&%
ŁyQe`_azr_aQb_






































































p¯p → ωpi+pi−pi0 À=@+²["ËDÄöÏ ©ª­¥¡ﬃ³ª±=%äÆ= 1++ æ¢­¹¦D=¯
ÅÓuÎl¦Ï

















Ò­ÆÅ%¡;Ï]»!=²u-K¡ä¥§I¦D¡Æ®}=Æl%ÆÒ­rï¦D¢-®/­CÃ0ﬃﬃﬀïÑÍãED Î 2 ±= Γ = 390
±=


























¯±=Ò­§I¦ﬁ ³Y¦DlÏV©ªí­¸%¡¢Æv¦D§Æ}ïí¦Dí§ÆÒﬁ¡çÆ ½gÅ=ÅiÏ:%Ï	:¦ﬁ,-ÅÓpÎl¦%ÏgÃ0$ﬃﬀ ïÑÍãEDﬁÎ 2 ±==
∆ lnL = 290 Ï%»cÆ=ª =â =¥Èï¦ﬁp%Æ a1  ¹ÜD§K¡VÕ¦ﬁi²³V=_%Èï¦D¢g% ρ′ =Î8 /¡VÅÓ























-K¡ÕÆ=vïí¦Dë®/­ Ã0ﬃﬃﬀÇïÑÍãED Î 2 Æ¥¡vÆ@½ªÅ=ÅiÏ

































































































»cÆ=}ºp±=¸=¸Óá®/­#»*ï%¸Ó¥-<¬¡¢  /¡ç%Ú!±%«ﬁ¦D§¶¦D < =_ÅÓ?Ã+@ﬃ@<ﬀïáÍãED Î 2 ±=












¯<± ¯µ¦ﬁ§Æ§ÆiÏcÐÍ À9:ﬃﬀDÄé³% ¯'³V
pi(1800)
Ò­ =iÏc»cÆ=l²
¦D¼ÅÓ<!Æ=ï¦ﬁ?®/­ Ã0@ﬂ@+ÑïÑÍãEDﬁÎ 2 Æ f0(980)pi
¯¥µÜD§§K¡;² ±==<¼-K¡ïí¦DçÃ#:ﬃ­Á





























Ã+@<:ﬃﬀÑïÑ)ãED Î 2 ²i%Æ-àÆ¡¼=<
»
%±=%ÒÑ%7iÆ«§ÆÆ =°°%®
∆ lnL = 480 Æ= =¼Ò­ ¬¡;Ï
ÐÍÕ½gÅ=ÅiÏ:%ÏÃlË¼Å[,!Æ-°±=dºå¥µÜD§§Æ
0−+ → ρ(770)−pi0, ρ(1280)−pi0 ÅÓÝÎ8«¬¢Î8 /¡¢ÆÒ­¡lÏ»!






1812Α14 (Error scaled by 2.3)
BELLINI 82 SPEC 2.0
BITYUKOV 91 VES 0.0
BELADIDZE 92C VES 2.5
BERDNIKOV 94 VES 2.5
AMELIN 95B VES 9.3
AMELIN 96B VES 3.9
CHUNG 02 MPS 14.2
CHUNG 02 MPS 2.0
χ2
      36.4
(Confidence Level  0.001)
1700 1750 1800 1850 1900 1950 2000
(1800) mass (MeV)




































• £é¥¤°¡8¦ﬁ§uV¦D¥§\G p¯n→ ηpi−pi0 ÀÂÁﬁÄö² p¯n→ ηpi−pi0 À9:%Ã<Äö² p¯p→ pi0pi0η À9:ËDÄ
• V¾|mG pi−p→ ηpi−p ÅÓÃ#:ÕºpÍã / ÎÕÀz:Á%²o:$­Ä
• ã¼»d´¡G pi−N → ηpi−N ÅÓuÁﬁ@-ºpÍã / Î-À9:ﬁ@ÌÄ






















































































¯ÆÒ­¡g«­Æ=pæ¹¦D=¯ªÅÓ]ÃCﬂﬀﬃﬀ?ïÑÍãED Î 2 (½gÅ=ÅiÏ:%ÏÃÁÖÎ0,b,'Ïºp¦ﬁ±=rï¦D=¢Îl¦ﬁ=l²¬ÅÓÓ%
Æ=ÈTï%ﬁ¡¢Æ¢Î8 =È½ª-¸=§ÆÆ¡±%ÈÅÓ<cÃ`ﬁﬀﬃﬀàïÑÍãEDﬁÎ 2 ²-K¡ Γ = 310


















Æ=²s³ﬃÆ Æ »!%-°%§Æ§¿2¦DÅiÏ*:=Ï=@ÑÒ¯<Òﬁ¡;²]-Æ¡?Åå<I%½g-¸%§K¡¢±%< %±=¢Î¢ =Òµ¶Ý= =¥¡lÏc©p¦D
»c¥ÒÅ==Æ¥¡l²=¦DÔ-%iÆ«§ÆÆ =°°ç=<ﬃì]K¡¢ ==ÈTï­¡¢Î8 =È½gà¸=§K¡¢±=%¼%±%¡¢§ÆÎ8 ë¢Î8 =§ÆlÎ8 °·
¡¢pÆ¥¡;²Ó±=%ÆàÐÍ¬¡¢<=¢K¡ÜÌ¡¼%








ºpÍãED Î 2 Å=<Æ¡_Tï%ﬁ¡¢Æ8Î¢ = ½g-¸=§ÆK¡¢±%gÒ­¸=Ý=µI¡;ÏÐÍ %Æ ½ª=¸¹¦ﬁ±==Ò­v³ﬃ±=¢%ª®/¥±Î8 ¬¡;²
%±=¢Î¢ #ì¥¡ ¹¦ﬁ§K¡¢#% ¯±=8ÜÌ¡¢¯§ÆÎ8 = =«­ ¹ÜD/¡¢ﬃ¬¡Ò­±=% ÅÓg«°§ÆÆ=ÐÍ¬¡=Æ¡8ÜÌ·
¡¢ç%ëì]Æ¡Y¦D¯±ç¯±ç¯'³ﬃ=Ò­i²%Æ=ç-â­Ò§ÆÎ8 =ç=Î8 ¬¡¸= ¹¦ﬁ=¢¦ﬁ±=Ö®/a¡¢Æ§Æ¡Ñﬃ¬¡¢<Ò­±=
%±=¢Î¢ í%Æ_ÃrºpÍãED Î 2 Å=K¡¢ÖTï%ﬁ¡¢Æ¢Î8 =ä½g-¸=§ÆK¡¢±%Ö¯±ÅÓ¢Î8 =<ÅÓiÏ ©ªÆgµNÝ= =a¡¢?¦ﬁ§Æ§Æ¢%Æ=Ò­













®/­CÀz"ﬂ:DÄ½g=¸¹¦D¢±==Ò­×-K¡Æ=ÕÃvºg)ãED Î 2 Å=¥K¡¢ 1−+
½gà¸=§K¡¢±-±=}Æ=Ł¯±=8ÜD¡¯'·
§ÆIÎ¢ = Tï%ﬁ¡¢Æ¢Î8 =ïÑ­ ÅÓ?Ã`$ﬀïÑÍãEDﬁÎ 2 -K¡ Γ = 310
ïÑÍãED Î 2 %±=¢Î8 %Òµ¶Ý= =¥¡;²³Y¦D









ïÑÍãEDﬁÎ 2 Ï2&Yé³ª±=%ëµNÝ=ﬃ¦Dª¦ﬁ=Ò­Òﬁ¡¢ ρ
Æ=Öï¦ﬁ¼®}ÃCﬂﬀﬂﬀÕïÑÍãED Î 2 ±==Ñ¦Dg¦D=Ò­'·
<Ò­¡
a1(1640)

































































































Y=Î¢ ÑÒ­Æ=Ò­µNÝ=Ò­ÆÒÕ- =Ñ%á©p¦D¡ëÅÓuÎl¦ÏiÃ#ﬃﬀﬃﬀÕïÑ)ãED Î 2 ¦ﬁ§ÆﬃÆ.ì]K¡;Ï





















¦D§V­ÅÓp±=_±%¬¡¢¥ºp<=¯ ¯±_®¥¡¢ =<i²¬³YÜﬁ =¥ %<YïáÐe¾gªÐ)¿ ±= %é¥¡¦Ì¡¢Æ¡¢Î8 %
ì< =§YÆÑ%gºp¥âÔ­=­¢%°±%=Ò
1 · 10−3 §ÆÆÒ­iÏ
æ¹¦D=¯ ï¦ﬁÕÀèïÑÍãED Î 2 Ä d¥K¡¢ÕÀèïÑÍãEDﬁÎ 2 Ä




a1(1550) 1550± 70 350± 50





















































































10, 6± 0, 4 ¯£ªiS4K_
ρ(770)− + f2(1270)
¯ 
13, 5± 0, 4 296± 1
ρ(770)− + f2(1270)
 
1, 1± 0, 09 149± 2
ρ(1280)− + (pi0pi0)S
¯ 
11, 5± 0, 3 312± 1
a1(1260)
¯ 
|−→ρ(770)−pi0 ¯  3, 4± 0, 1 179± 1
a1(1550)
¯ 
|−→ρ(770)−pi0 ¯  9, 1± 0, 2 144± 1
|−→ρ(770)−pi0   2, 9± 0, 09 131± 1
a1(1850)
¯ 
|−→ρ(770)−pi0   5, 0± 0, 2 348± 1
|−→ρ(1280)−pi0 ¯  9, 2± 0, 2 197± 1
a2(1320)
−  
|−→ρ(770)−pi0   4, 7± 0, 2 352± 1
pi(1300)
 ¯
|−→ρ(770)−pi0   2, 6± 0, 04 167± 1
|−→(pi0pi0)Spi0/−
¯ ¯
0, 5± 0, 1 206± 3
pi(1800)
 ¯
|−→ρ(770)−pi0   4, 8± 0, 1 210± 1
|−→ρ(1280)−pi0   3, 0± 0, 2 92± 1
|−→(pi0pi0)Spi0/−
¯ ¯
2, 2± 0, 1 275± 1
pi1(1450)
 










0, 3± 0, 8 11± 48
ρ(770)− + f2(1270)
 
1, 7± 0, 2 63± 3
a1(1260)
 
|−→ρ(770)−pi0 ¯  3, 5± 0, 2 T0A£ªiS4K_
a2(1320)
−  
|−→ρ(770)−pi0   0, 5± 0, 2 18± 12
pi1(1450)
¯ 




























L@lLFE NPO^QüQbT ¥ QbO^]sg_a]¶QbTZqa¨rjXW_rO^QvgQbT ó¶QW*QbOﬂjﬂO]bWQb_õŁyQe`_azr_aQb_
-#Æ?v¦ﬁí%Æà¦ﬁÅ=­§Æ±%¡¢ã¯'³VÆÒ±==Ò­¥®/¥ ¹Üﬁ§K¡¢%à%g¬¡¸=lÎ8 =<%}æY<¢­¹¦D=¯íÅÓ'·
Î8 ==<¡;²s³ª±=%ç¢Î8 = Æ ½gÅ=¢Î8 ==K¡¡w=ÏèË}¦D±=µNÝ= =§ÆÎ8 î%«°±%¡<¥¡;Ï»!à?±=Ô°±= °±=r=°Î8 




Ã­ÏE(öæ¹¦D=¯+, − → ρ−pi0
ËÏE(öæ¹¦D=¯+, 0/− → (pi0pi0)l=0,2 pi0/−
»cd§Æ§Æ_¬±=Õã+¥¯'³VÒ­±==Ò­¥®/ ¹ÜD§K¡¢=Æ¢ª®,¿+¤¸
BR(p¯n→ ( æ­¹¦ﬁ=¯ )0/−pi → (ρpi)pi)
Å=¯'³ÖÏ








(pi0pi0)pi0, (pi0pi0)pi−, (pi+pi−)pi0, (pi−pi+)pi0, (pi+pi−)pi−, (pi−pi+)pi− ,
³VàÆ¡ﬃ%ﬃêª­¥«¬¡¢±=¥µ¦D«¬¡¢­YÒ­§ÆIÎ¢ á%¥iÆ¡lÏ
½g§Æ2dÆ¢¸=Æ§³ªÆ¢Ö¦D
BR(p¯n→ a1(1260)0/−pi−/0 → (ρpi)pi)3S1
ÅÓlÎ8 %=<¡;Ï;½g±=]¿2¦DÅÓ§§Æ
:%Ï@-¥ ¹Üﬁ§K¡pv¦ﬁµ¶Ý=È¶ºÓµ¦D§Æ§!%
a1(1260) → ρ−pi0 <=rÐÍ¬¡=Æ¡8ÜD¡g® (3, 4 ± 0, 1)%
±=@%Æí´°±=-àá%vdK¡¢¢ÜﬁÒ­á%Õ½ª=µ¦D=Ò¯±=¥¡ÜD%ÑÅÓ<¡¢¢ÜﬁÒﬁ¡
(86, 6 ± 2, 3)% + (8, 9 ±
1, 5)% = (95, 5 ± 3, 8)% Ï!©p¦ﬁà¦DÅ=¢­§Æ±%¡¢çd¢¦ﬁÎ¢ ==Ò%<àê¦D¹¦D§?Æ¡?¹¦ﬁÎ8 îºp§ÆÎ8 °±==ÒÂ%Ï9
BR(p¯n → pi−pi0pi0pi0) = (7, 6 ± 0, 4)% ²³V­-K¡g¢Î8 µ¶Ý=p=¦ﬁgÒ­'³ﬃÜD =§K¡¢rdÆ¸=Æ§]µN­§Ò­%
¥ÒÆÅ%¡0G
BR(p¯n→ a1(1260)0/−pi−/0 → (ρpi)pi)3S1 =
(7, 6± 0, 4)% · (3, 4± 0, 1)% · 4
0, 45 · (0, 96± 0, 04) =



















0/− ρpi(l = 0) (2, 4± 0, 3) (11, 1± 1, 7)
a1(1260)
0/− ρpi(l = 2)
· ·
a1(1260)
0/− (pipi)Spi(l = 0) (0, 3± 0, 3) ·
a1(1260)
0/− (pipi)Spi(l = 2) (0, 3± 0, 3) ·
a2(1320)
0/− ρpi (3, 3± 0, 4) (1, 6± 0, 8)
a1(1550)
0/− ρpi(l = 0) (6, 4± 0, 8) ·
a1(1550)
0/− ρpi(l = 2) (2, 1± 0, 3) ·
a1(1550)
0/− ρ(1280)pi(l = 0) (0, 3± 0, 2) ·
a1(1550)
0/− ρ(1280)pi(l = 2) < 0, 07
·
a1(1550)
0/− (pipi)Spi(l = 0) (0, 2± 0, 2) ·
a1(1550)
0/− f2(1270)pi(l = 0) (0, 3± 0, 2) ·
a1(1850)
0/− ρpi(l = 0) (0, 3± 0, 1) ·
a1(1850)
0/− ρpi(l = 2) (3, 5± 0, 4) ·
a1(1850)
0/− ρ(1280)pi(l = 0) (6, 5± 0, 8) ·
a1(1850)
0/− ρ(1280)pi(l = 2) (0, 5± 0, 3) ·
pi(1300)0/− ρpi (1, 8± 0, 2) ·
pi(1300)0/− (pipi)Spi (0, 3± 0, 2) ·
pi(1800)0/− ρpi (3, 3± 0, 3) ·
pi(1800)0/− ρ(1280)pi (2, 1± 0, 3) ·
pi(1800)0/− (pipi)Spi (1, 2± 0, 2) ·
pi(1800)0/− f2(1270)pi (0, 3± 0, 3) ·
pi1(1450)
0/− ρpi (0, 4± 0, 4) (14, 9± 3, 9)
pi2(1670)
0/− ρpi < 0, 3
·
pi2(1670)
0/− (pipi)Spi < 0, 3
·
pi2(1670)
0/− f2(1270)pi (1, 3± 0, 2) ·
¿2¦DÅÓ§§Æ7:%Ï	:YG?HJv<K]Z`^=I#_\S X2SWN\L.S4M	R`I+Q0R`K`SWN\f$y^z_Q+M=KPK]S
BR(p¯n → ( ÉS4KPZTQ$dyQ0 )0/−pi → (ρpi)pi) v+WLmu




































































=íÅÓ Ã­²èË;¨ÓÃ²z ºpÍãED Î 2 ÒÆÅ%¡;Ïp»cÆ=x=lÆÒ¥ÅÓ?Îl¦%ÏäÃlÁﬃﬀﬂﬀ ïÑ)ãED Î 2 ²ﬃ³V§Î8 =x¸=­=M·







 ÀKÃ#ﬀﬃﬀﬁÄö² p¯d→ pi+pi−pi−p 
 ÀKÃ#ﬀ%Ã<ÄÍ²
p¯d → KSK−pi0p 
Æ] ÀKÃ#ﬀË%²]ÃCﬀÁﬁÄ2±= p¯d → KSKLpi−p 
gªÆ] ÀÆÃCﬀ­ÁﬁÄÍÏ »cÆá³VK¡¢< ρ ±=·
¡¢¥ ¹¦ﬁ§ÆÅ}Ã`ﬂﬀﬂﬀàïÑÍãED Î 2 ³ª±%¢%pç%Æç½g¹¦D§Æ¤°¢<ç=Î8 ¬¡ÅÓ=âﬁ¡¢ÆÒﬁ¡;Ï=»cÆ=È«°Ý%¯§ÆIÎ¢ =È½g¹¦D§Æ¤°¢
%ê¦D¹¦ﬁ§Æ
p¯d→ ωpi−pi0p 


























Æ Ú+©Èº ¦D=ÒÒ­ÅÓ=äd¥Æ¡È®/­ÑÁ=ÃCﬀÕïÑÍãEDﬁÎ 2 ®/e³<¡³ª±%¢%Ï
©p¦ﬁ-K¡Y_®Æ
ρ

























































= 0, 55± 0, 10
Γ(σpi)
Γ(f2pi)















































































































ρ(1200) + ρ(1450) 45± 13 115± 89 55± 18 121± 48
















































































































































































= 2, 75± 0, 71
Γ(ρ(1280)pi−)
Γ((pipi)Spi)


























¦D±=À9ﬃﬀﬁÄöÏV©ªÆ Æ¥¡_=¦D%Ú2¦ﬁ¢¦ﬁ-<¡Æ¥±==Ò¦ﬁ§Æ %Æ %Æ_½g¥Åå<Æ¡
®/<a³V%<¡¢ÏÓ©p¦DpÚc¥Å=§Æ %Y®/­§Æ<Ò%<½g¦ﬁ§K¤ÖÆ¥¡;²¹¦DÔÕÅÓs%gﬃ¬¡¢¥±Î8 °±==ÒÕ%
ºÓµ¦D§Æ§Ö%




















pi(1800)→ ρpi, ρ′pi Æ












































%±=¢Î¢ i² %Ær¯±}%<íã¯'³VÆÒ±=%Ò¥®/¥ ¹Üﬁ§K¡=}%È¿2¦ﬁÅÓ§Æ§Æ{:=Ï9:_Òµ¶Ý= =¥¡È ¹¦DÅÓi²  ¥ ¹Üﬁ§K¡
v¦D










ºÓ±=¥¡ÜD%rÆ}%ºpÒ­í±= ÃC:ﬂﬀﬃﬀçïÑ)ãED Î 2 Ò­Å%¡lÏß»cÆ=i² %p<¡)³Y¦ﬁp±=¬¡ ¹¦D§ÆÅ




³V¢% «­¦D=iÏ=©ªY¦ﬁ%¥7ºÓ±=¡8¦ﬁ= Æ¡Y¦D&¤Å= °%Vë¦ﬁ%¥VTï%ﬁ¡¢Æ8Î¢ =|ºÓ±=¥¡¦Dß²
±=ç§ÆÒﬁ¡ﬃ<¡)³Y¦DYÝ=ÅÓ ¹¦D§ÆÅÇÃ#:ﬃﬀﬂﬀ-ïÑ)ãED Î 2 ²=ÅÓuÎl¦ÏiÃC:ﬂﬃﬀÕïÑÍãEDﬁÎ 2 Ï




Áﬃﬀ @+ $  Ëﬃ" Áﬂ Ë­Á%Ã
pi(1800)H
Áﬃﬀ ﬀ Áﬃﬀ Ã0@<ﬀ   Ë$ﬂﬀ
»8ï%¸iÏ





























































































= 0, 44± 0, 07 ( o.SI).
©p¦ﬁàÆ¡+ÆÕ%ÆﬃÅÓ%ÕÒ­µN±=
1++
















ºÓµÜD§Æ§àöÏi¦%Ï ÅÓ<¡¢¢¦­Î¢ ¬¡¢<¡p³%}±= ¹¦D¡¼ÅÓmﬀ%²9ﬂﬀáºpÍã Æûg¸%¡¢Æ?±= ÀÆÃ#ﬀﬃ"ﬁÄöÏ









a1(1600)→ ρω, b1pi ¦D±=éÀ9"/ËÌÄ°Æ¥¡]v¦ﬁÖÆä%8s¦ﬁÒ­²Ì%Æ
Tï%¸Ó¥Æ-¬¡¢<§§Æ)ºÓµ¦D§Æ§Å=¥Æ¡_%d¿2¦DÅÓ§§Æ"%ÏèÁ¯±ÕÅÓ¥lÎ8 ==i²/Æ% v¦ﬁvg¦ﬁÅ=­§Æ±%¡¢




































ρpi ρω ρ(1465)pi b1pi f0(1300)pi f2pi
¿sﬁ¡¦D§
a1(1700)1P
ﬂ@ Ã0 Ã =Ã Ë Áﬃ" Ë<ﬂ
a1(1700)H
Áﬃﬀ ﬀ Ã­Ã#ﬀ ﬀ  @<ﬀ ≈ 300






























































ÃCﬂﬀﬃﬀﬃïÑ)ãED Î 2  =<i²<³V§Î8 =uÆ ρpi
¯<µÜD§Æ§Æ¡lÏÌ©ª]ºp¥±=È§ÆÒﬁ¡]=¦ﬁÆi²l¦DÔﬃ%<¢+»*ï%¸Ó¥Æ-¬¡¢
¦ﬁ±%µNÒ¥±=×®i;¦D«­¦DÒ­²i®/±=¥8¦­Î8 /¡?%±=Î8  %




































Γ(a2 → ρpi) = 0, 207± 0, 018
³V¢¦ﬁ±=YÎ8 á=¦ﬁY±=-Ò­« =a¡¢Èã ¹ÜD§K¡¢=ÆY¯±
Γ(a2 → ρpi)









= 8, 3± 2, 5 Γ(a2 → ρpi)1P1
Γ(a2 → ηpi)1P1


































= 1, 3± 1, 3
Γ(ρpi)3S1
Γ(ηpi)3S1
= 1, 5± 1, 5 (­ ==ä´ÐW,
Γ(ρpi)1P1
Γ(ηpi)1P1
= 37, 3± 11, 2
Γ(ρpi)1P1
Γ(ηpi)1P1















































































































0/− ρpi 0, 1± 0, 03 4, 7± 0, 8 0, 4± 0, 4 14, 9± 3, 9
pi1(1450)
0/− ηpi 7, 9± 1, 0 2, 8± 1, 3 0, 3± 0, 1 0, 4± 0, 2
a2(1320)
0/− ρpi 4, 7± 0, 2 0, 5± 0, 2 3, 3± 0, 4 1, 6± 0, 8
a2(1320)

























ïÑ°%§Æ§ æµN¥=¯ ï¦ﬁ ºÓµ¦ﬁ§Æ§iµNÝ=
pi1 ∼ 1, 5 ºpÍãED Î 2
ì]§Æ±¿ïë¿s±=ÅÓ(\&Y¤Å=¥I2, À9%²iÃ­Ã;ËÌÄ
1, 8− 2 ºpÍãED Î 2 b1pi > f1pi > ρpi > ηpi
s¦Ì¡¡¢Î<Fü¼£V© ÀÆÃ­Ã+@;Ä
1, 8− 2 ºpÍãED Î 2
é¦ﬁÒvïÑ°%§Æ§ ÀÆÃ­Ã#DÄ
1, 2− 1, 8 ºpÍãED Î 2
ü¼£V© ±= ±=§Æ ÀÆÃ­Ã#:DÄ
1, 5− 2, 5 ºpÍãED Î 2 ρpi > γpi > η′pi
£d%¡Æ¡±=¬¡pºp§Æ±=­ïÑ°%§Æ§ ÀÆÃ­Ã0ÌÄ





×Î  Ï Ï ØäÑÎÊÎS ×Ð
©ªíÚ!¦D¥¡¶¦D§M³<§§Æ¹¦D¹¦ﬁ§K¤í%_ê¦ﬁ¹¦D§Æ








ÅÓYÃlËﬃ:ﬃﬀÑïÑÍãEDﬁÎ 2 ²Ó³§Î8 =¼Æ pipi
¯<µÜD§§K¡l²ß«%¬¡¢à±=¬¡Õ¦ﬁ±=a¡
³V¢%iÏa&ﬃÆ=Ò<Ò ³ﬃ±=¢%ë«Æ=Ñ =â­ =Ñ½g%Ò­±==ÒÇÅÓ<ÖÃ`$ﬀÇïáÍãED Î 2 Ò­µN±=%iÏ+©È¦D-K¡
³ªÆ¢vÅÓ¥¡8ÜD¡¢ÆÒﬁ¡;²¦DÔ?é
ρ′

















àÆ¡Y<=ﬃï¦ﬁp®/­×Ã#ﬂ$ﬀ-ïÑ)ãED Î 2 «ﬁ¦D=á¦D±=µNÒ­±=çÆ=
 =ÆëÒ­µN±=% ºå<µ¦D§§Æ-°%i²YÅÓ¼%= %















































































































































































































































































































































































































1 −m21)1/2 −m21 cosh−1 (E1/m1)
) u

 Ù ÑÐ Ô
  Ø M |Ð ON  $ÎÊÎÇ  
ù



















ñb° óô¤£ õw²õÕýäùrú)Þ]Ý-û I ôû ßçý  Ý¸ ýäõ õs{Ýàûéôöþt·{¸Öõ
î
õpþ*Ýýrüçýäù
(Daten − Fit) (Fit − Daten)

























ñ%0 ó üäþÛáFÝ´ÞhÞþsû*âçý }ôP³võ ¡}ôû¶I¹ÝÄ  õÞlÞdI ôû H ²ﬂÝ-ûJÝíýäõÕý ôI úçß)Þþ




80 < p < 160
ïÑÍãEDﬁÎª¦D=Ò'³V%<¡lÏ©ªÆp©p¦Ì¡¢à³ª±=%_%ÕÒ§ÆÎ8 =ç´°§Æ«/·
¡¢Æ­=«°K¡¢¥<i² ³ªÆ-ÆÇê¦D¸=Æ¡§ÑÅÓ¢Î¢ =ÆÅÓi²i±=¬¡a³V¥µNiÏu¾g¦ﬁÎ8 Ç%<?´°§Æ«¬¡Æ×Å=§ÆÅÓ













































































































8, 6± 0, 7 ¯£ªiS4K_
ρ(770)− + f2(1270)
¯ 
6, 6± 0, 4 293± 1
ρ(770)− + f2(1270)
 
0, 5± 0, 1 136± 26
ρ(1280)− + (pi0pi0)S
¯ 
11, 8± 0, 4 305± 2
a1(1260)
¯ 
|−→ρ(770)−pi0 ¯  4, 5± 0, 4 176± 2
a1(1550)
¯ 
|−→ρ(770)−pi0 ¯  9, 1± 0, 6 134± 1
|−→ρ(770)−pi0   3, 0± 0, 1 126± 3
a1(1850)
¯ 
|−→ρ(770)−pi0   6, 2± 0, 2 347± 1
|−→ρ(1280)−pi0 ¯  19, 3± 0, 9 191± 1
a2(1320)
−  
|−→ρ(770)−pi0   4, 7± 0, 3 339± 1
pi(1300)
 ¯
|−→ρ(770)−pi0   3, 3± 0, 2 167± 1
|−→(pi0pi0)Spi0/−
¯ ¯
0, 4± 0, 05 208± 4
pi(1800)
 ¯
|−→ρ(770)−pi0   3, 8± 0, 3 197± 1
|−→ρ(1280)−pi0   2, 6± 0, 4 90± 1
|−→(pi0pi0)Spi0/−
¯ ¯
2, 3± 0, 3 267± 3
pi1(1450)
 










0, 6± 0, 1 26± 5
ρ(770)− + f2(1270)
 
1, 8± 0, 8 72± 3
a1(1260)
 
|−→ρ(770)−pi0 ¯  5, 9± 1 T0A£ªiS4K_
a2(1320)
−  
|−→ρ(770)−pi0   0, 6± 0, 3 23± 10
pi1(1450)
¯ 

















80 < p < 160
npSXmheyu
£pÏÊÁ=ÏÑ©È¦D®/­§§Æ¥¡ÜD%ÆÒÖì]K¡¢-°%§Æ§i-Æ¡ªÚc¥­¡=%-¸%±=§
80 < p < 160
ïáÍãED Î ÃÁÁ
½gÅ=Å=Æ§%±==Ò £gÏ=¿Gù*Z`^	U+f$dhvﬃSWNqI<Q+Ustdy^	M9_P4x<^9Zy_U0S4K}[Q+U+cAZ#U+S4^	^=KcAM9_\ª2NPZy_\Z`Q0S4Q<M	cx$I+^	K













ñÀ8 H ²ﬂÝµ)Þõ I õ µÕõ-ô   õw² ÷



























pi(1300), pi(1800) → (pi0pi0)Spi0/− Ï






























Ç¯±@¸%¡à¥i²d=¦ﬁÔ %Æ¦ﬁ ïáÐa¾gﬃÐe¿ Ý=ÅÓÒ­ÅÓ=ì±==«¬¡Æ (ö¦D§Ç =Æv%Ñ=Ò/¦D¡Æ®
i«­§Æ =¬%µ¶±==«¬¡¢Æ­[,Ö-Æ=Æv¦D§³ªÆ¢ßÏ]©È¦D¯±Ç³V¢%Æ_Ý=ÅÓ¥ÒÅÓ<=îÚ2¦ﬁ¢¦ﬁ-'¡¢Ö¢­§I¦ﬁ=Ò­
®­¦ﬁ¥Æ¥¡l²VÅ=ÆçÆ ïÑÆ=Æ?±= Ò­µN±==% ³ﬃ±=¢%­ÏYïáÐe¾gªÐ)¿ ³VÆÔ ¹¦Ì¡¢Ý=¥§Î8 #=Î8 ¬¡ ®/#%
dl%±¡¢±==ÒÑ<=ÖÚ!¦D8¦D-<¡¢<l²ß­Å×¼IÎ¢ ×¯ÏègÏß±=ŁÆ=vÚ! ¹¦D¢àÆ=ÖdK¡a¨ﬂ-#Ò­=½ªr·








































































∆ lnL = 800 ,'Ï°©p¦DdÒ§ÆÎ8 =ªÒ­Æ§Æ¡dµNÝ=+Æ=ª½g=¸¦ﬁ±==ÒÖ-K¡é%
d¥¨Ú!¦D8¦D-<¡Ñ¦ﬁ±=ﬃ¿2¦DÅÓ§Æ§F@°ÏÃ²¬³§Î8 =¼±%


























Æç¦D±Î8  Æ dÆ¸=Æ§V%<?½gÅ=¢Î8 ==K¡¡{@ÏÊÁáÒ­¯ÆÒ­¡Ö³ª±=%iÏ*&ﬃÆä=°Î8  Æ=v¦D§d¯±=E-#Æ'·
%¥ =§Æ±==Ò_%ä%tºÓµ¦ﬁ§Æ§Æ¢«­<¡¡í%
pi1(1450)
− → ρ−pi0 ºÓµ¦ﬁ§Æ§Æl²å%Æà´°§ÆÅ=¥¡¢Æ¬¡µN<=¯
¥¯±=Ò­G
p¯n → pi−1 + pi0(1)
|−→ ρ− + pi0(2,3)
|−→ pi− + pi0(3,2)
p¯n → pi−1 + pi0(2)
|−→ ρ− + pi0(1,3)
|−→ pi− + pi0(3,1)
p¯n → pi−1 + pi0(3)
|−→ ρ− + pi0(1,2)
























− → ρ− + pi0 ÝÞ a ß ÛÞàßÛ
a1(1550)
− l=0→ ρ− + pi0 ÝÞ­e_ o
a1(1550)
− l=2→ ρ− + pi0 ÝÞ­_/ß o
a1(1550)
− l=0→ ρ(1280)− + pi0 ÝÞ­eÝ o
a1(1550)
− l=2→ ρ(1280)− + pi0 ÝÞ­_e o
a1(1850)
− l=0→ ρ− + pi0 ÝÞ¥c²ã o
a1(1850)
− l=2→ ρ− + pi0 ÝÞ d ã o
a1(1850)
− l=0→ ρ(1280)− + pi0 ÝÞ¥c²Ý o
a1(1850)
− l=2→ ρ(1280)− + pi0 ÝÞ db o
a2(1320)
− → ρ− + pi0 ÝÞ d c ÛÞäÝ*Û
pi(1300)− → ρ− + pi0 ÝÞ­_ã o
pi(1800)− → ρ− + pi0 ÝÞ d e o
pi(1800)− → ρ(1280)− + pi0 ÝÞ d ã o
pi1(1450)
− → ρ− + pi0 ÝÞ d ã ÝÞ da
pi2(1670)












pi(1300)− → (pi0pi0)pi− Ï ½g§ÆÈ¯'³VK¡¢ÈÆ=Õ´°§ÆÅ=¥¡¢Æ¬¡¢¥µN¥=¯;(ﬃ®ªy ²$,ﬃÆ}%Eºå¥µ¦D§§Æa·
«<¡¥¡¢%<Y=Ò/¦D¡Æ®æ¦ﬁ=¯²=¯ÏgÏªG
p¯n → pi(1300)− + pi0(1)
|−→ (pi0(2)pi0(3))S + pi−
|−→ pi0(2) + pi0(3)
p¯n → pi(1300)− + pi0(2)
|−→ (pi0(1)pi0(3))S + pi−
|−→ pi0(1) + pi0(3)
p¯n → pi(1300)− + pi0(3)
|−→ (pi0(1)pi0(2))S + pi−





p¯n → pi(1300)0 + pi−
|−→ (pi0(1)pi0(2))S + pi0(3)
|−→ pi0(1) + pi0(2)
p¯n → pi(1300)0 + pi−
|−→ (pi0(1)pi0(3))S + pi0(2)
|−→ pi0(1) + pi0(3)
p¯n → pi(1300)0 + pi−
|−→ (pi0(2)pi0(3))S + pi0(1)
















































0/− → (pi0pi0)S + pi0/− ÛÞäÝ b ÝÞ­_ a Û/ÞäÝﬃc
a1(1550)
0/− → (pi0pi0)S + pi0/− ÛÞäÝe ÝÞ­_ a Û/ÞÊÛ+Ý
a1(1550)
0/− → f2(1270) + pi0/− ÛÞäÝ a ÛÞäÝã Û/ÞäÝ b
pi(1300)0/− → (pi0pi0)S + pi0/− ÝÞ­_Û ÝÞ­_/ß Ý*Þ­e d
pi(1800)0/− → (pi0pi0)S + pi0/− ÝÞ d ß ÝÞ d c Ý*Þ­eÝ
pi2(1670)
0/− → (pi0pi0)S + pi0/− ÛÞäÝÛ ÝÞ­__ Ý*Þ­_e
pi2(1670)







D  K µ ﬃØ  Ø  ÙÉ  ª <ÎãÙÉØ

Ï K ß;#  Ø





































m = 769, 3 ·¹¸hºr»¤¼ 2
Γ = 150, 7 ·¹¸hºr»¤¼ 2
3S1





m = 769, 3 ·¹¸hºr»¤¼ 2
Γ = 150, 7 ·¹¸hºr»¤¼ 2
½gÅ=Å=Æ§%±==Òv©?ÏÆÃﬂGYÇf+SWZTNPS_M	K\ef0S>H8cAx<^	M9_I+U0S4Q
















m = 1280 ·¸5ºr»¤¼ 2
Γ = 310 ·¸5ºr»¤¼ 2
3S1





m = 1280 ·¸5ºr»¤¼ 2
Γ = 310 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Ò_©äÏèËYGYÇf+SWZTNPS_M	K\ef0SH8cAx<^	M9_I+U0SbQ















m = 769, 3 ·¹¸hºr»¤¼ 2
Γ = 150, 7 ·¹¸hºr»¤¼ 2
m = 1275 ·¸5ºr»¤¼ 2
Γ = 185 ·¸5ºr»¤¼ 2
3S1





m = 769, 3 ·¹¸hºr»¤¼ 2
Γ = 150, 7 ·¹¸hºr»¤¼ 2
m = 1275 ·¸5ºr»¤¼ 2
Γ = 185 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Òv©?ÏÊÁ?GYÇf+SWZTNPS_M	K\ef0SAH8cx<^=Mz_I+U+S4Q


















m = 769, 3 ·¸5ºr»¤¼ 2
Γ = 150, 7 ·¸5ºr»¤¼ 2
m = 1275 ·¹¸hºu»¤¼ 2
Γ = 185 ·¸5ºr»¤¼ 2
3S1





m = 769, 3 ·¸5ºr»¤¼ 2
Γ = 150, 7 ·¸5ºr»¤¼ 2
m = 1275 ·¹¸hºu»¤¼ 2
Γ = 185 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Ò_©äÏzoGYÇf+SWZTNPS_M	K\ef0SAH8cx<^=Mz_I<U0S4Q

















m = 1230 ·¹¸hºr»¤¼ 2
Γ = 380 ·¹¸hºu»½¼ 2
3S1





m = 1230 ·¹¸hºr»¤¼ 2
Γ = 380 ·¹¸hºu»½¼ 2
½gÅ=Å=Æ§%±==Òv©?Ï	YGYÇf+SWZTNPS_M	K\ef0S H8cx$^	M9_I+U0S4Q
















m = 1550 ·¸5ºr»¤¼ 2
Γ = 300 ·¸5ºr»¤¼ 2
3S1





m = 1550 ·¸5ºr»¤¼ 2
Γ = 300 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Ò_©äÏ9?GYÇf+SWZTNPS_M	K\ef0SH8cAx<^	M9_I+U0SbQ











m = 1550 ·¹¸hºr»¤¼ 2
Γ = 300 ·¹¸hºu»½¼ 2
m = 1280 ·¹¸hºr»¤¼ 2
Γ = 310 ·¹¸hºu»½¼ 2
3S1





m = 1550 ·¹¸hºr»¤¼ 2
Γ = 300 ·¹¸hºu»½¼ 2
m = 1280 ·¹¸hºr»¤¼ 2
Γ = 310 ·¹¸hºu»½¼ 2
½gÅ=Å=Æ§%±==Òv©?Ï=@¿GYÇf+SWZTNPS_M	K\ef0SaH8cx<^=Mz_I+U+S4Q












m = 1550 ·¸5ºr»¤¼ 2
Γ = 300 ·¸5ºr»¤¼ 2
3S1





m = 1550 ·¸5ºr»¤¼ 2
Γ = 300 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Ò_©äÏ9:?GYÇf+SWZTNPS_M	K\ef0SðH8cAx<^	M9_I+U0SbQ















m = 1850 ·¹¸hºr»¤¼ 2
Γ = 300 ·¹¸hºu»½¼ 2
3S1





m = 1850 ·¹¸hºr»¤¼ 2
Γ = 300 ·¹¸hºu»½¼ 2
½gÅ=Å=Æ§%±==Òv©?Ï9"?GYÇf+SWZTNPS_M	K\ef0SmH8cx<^=Mz_I+U+S4Q













m = 1375 ·¸5ºr»¤¼ 2
Γ = 350 ·¸5ºr»¤¼ 2
3S1





m = 1375 ·¸5ºr»¤¼ 2
Γ = 350 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Ò_©äÏÆÃ#ﬀYG?Çf0SWZTNPSW_M	KPegf0S'H8cx<^=Mz_I+U+S4Q















m = 1800 ·¹¸hºr»¤¼ 2
Γ = 210 ·¹¸hºu»½¼ 2
3S1





m = 1800 ·¹¸hºr»¤¼ 2
Γ = 210 ·¹¸hºu»½¼ 2
½gÅ=Å=Æ§%±==Òv©?ÏÆÃÃﬃG?Çf0SWZTNPS_M=KPegf0S'HJcAx<^	M9_I+U0SbQ
















m = 1450 ·¸5ºr»¤¼ 2
Γ = 442 ·¸5ºr»¤¼ 2
3S1





m = 1318 ·¸5ºr»¤¼ 2
Γ = 107 ·¸5ºr»¤¼ 2
½gÅ=Å=Æ§%±==Ò_©äÏÆÃ;Ë¿G?Çf0SWZTNPSW_M	KPegf0S>H8cx<^=Mz_I+U+S4Q
























m = 769, 3 ·¸5ºr»¤¼ 2
Γ = 150, 7 ·¸5ºr»¤¼ 2
1P1





m = 1280 ·¸5ºr»¤¼ 2
















m = 1230 ·¹¸hºr»¤¼ 2
Γ = 380 ·¹¸hºu»½¼ 2
1P1





m = 1318 ·¹¸hºr»¤¼ 2















m = 1275 ·¸5ºr»¤¼ 2
Γ = 185 ·¸5ºr»¤¼ 2
1P1





m = 1450 ·¸5ºr»¤¼ 2








− → ρ(770)−pi0 £ªI+Q`_\S4Q$gu
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